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Abstract

We propose to measure the kaon electroproduction cross section, picking
specific reaction channels via a separation of response functions in the exclu-
sive H(e,e’K*) reaction. Current experimental knowledge is unsatisfactory
with no systematic separation of the response functions. Multi-parameter
models based on hadron dynamics (QHD) have attempted to explain the ex-
isting data, but a wider kinematical region has to be accessed in order to
constrain the models and the ggny coupling constants.

Over a range in Q2, W, and ¢, the separation of three of the four unpo-
larized response functions will be performed. The longitudinal and transverse
response functions will be separated through the detection of kaons along the
direction of the virtual photon, where only these terms contribute to the cross
section. For each Q2 kinematic three different points in ¢ will be measured.
From the extrapolation in ¢ of the longitudinal term, the electromagnetic
form factor of the kaon will, in principle, be determined. The separation of
the longitudinal-transverse interference term will also be performed for se-
lected kinematics. In a quark model description, the measurement of the
longitudinal-transverse interference term is sensitive to the magnitude of the
quark transverse momentum. The t-dependence of the full cross section will
also be investigated to enlarge the accessed kinematical region, reaching large
values of |¢| covering the transition from a semiphenomenological description
in terms of mesons and baryons to a pQCD-based description in terms of
quarks (or diquarks).

The square of the 4-momentum transferred by the electron will cover the
range 1.5 < Q% < 3 (GeV/c)?, the hadronic 4-momentum transfer squared
will cover the range —0.3 > ¢ > ~3.0 GeV?, and the invariant mass will cover
the range 1.8 £ W < 2.2 GeV. The measured cross sections will be compared
to both hadronic and subnucleonic reaction models. This will considerably
extend the present electroproduction data. Incident beam energies from 3.6
to 6 GeV will be utilized, along with the Hall A spectrometers. It should
be emphasized that with 560 hours, this experiment will provide a consistent
data set in a wide region of @2, W, and t, which cannot be accessed elsewhere
at CEBAF.



1 Introduction

1.1 Physics Motivation

The current situation for kaon photo- and electroproduction is unsatisfactory,
both from the experimental and theoretical point of view. Measurements of the
y+p— K*+Yande+p— €+ KT +Y (Y = A, X% reactions have been limited
by short lifetimes (c- tx = 370 cm, ¢ - t4 = 8 cm), small production rates (an order
of magnitude smaller than for pions) and high thresholds (Eus(KA)= 911 MeV,
Ep(KZ%= 1.05 GeV). Knowledge from photoproduction data (reviewed, e.g., in
ref. {1]) has not improved much in twenty years. The cross sections are known with
an accuracy of about 10%. The polarizations are determined only for few points in
the A production with errors of 25% to 50%. The photon energy range is limited
to 0.9 < E, < 1.4 GeV (a few additional points were measured (2, 3] at a fixed
momentum transfer ¢ = -0.147 GeV? in the energy range E,= 1.05 - 2.2 GeV).

A-electroproduction data are more sparse and have been measured only at higher
energies (invariant mass energies W > 2.1 GeV).[4, 5, 6] The experimental infor-
mation on £° production is even more scarce. In the following we will focus on
the A production, but all proposed measurements on the proton will also allow
simultaneous measurement of the £° channel.

There are also theoretical problems in understanding the electroproduction pro-
cess. In the low energy region various semiphenomenological descriptions in terms
of mesons and baryons have been used. The hadronic field theories do not explicitly
contain the quark degrees of freedom, but provide an effective description of the
dynamics in the low- and intermediate-energy range. The semiphenomenological
parameters of the theory (strong coupling constants, transition magnetic moments)
are fit to the available photoproduction data using transition amplitudes based on
the tree level Feynman diagrams.

In general, phenomenological x2 parameter fits are not unique due to the large
number of coupling constants (up to 12 effective parameters are used; four of them
enter the Born terms and the rest are associated with the resonance terms|7]) and
the experimental uncertainties and limited kinematical region that has been so far
explored. Hence, many sets of the parameters can fit the data equally well in the
photoproduction channel. The various fits, however, differ when extrapolated out-
side the kinematics used in the fitting procedure (E, > 1.4 GeV, virtual photons).
The fits are also not equivalent from the point of view of the theoretical interpreta-
tion.

First of all there is disagreement between the values of coupling constants derived
from the purely hadronic processes and from the available photoproduction data.
The value of the leading coupling constant ggap/ V4~ is in the range from -1 to -3
in most photoproduction medels, while its accepted hadronic value is about -4[8],
in agreement with the broken SU(3) prediction[l]. This discrepancy is resolved by
inclusion of the t-channel K; resonance state with J = 1% (M=1280 MeV, I'=90



MeV) but only at the price of a very strong K1Ap couplingf1].

Thus, the situation in the theory of photo- and electroproduction of strange
mesons is rather complicated. A variety of models (see e.g. review in [9]) differring
in contributing resonances and coupling constants (including the leading ones K Ap
and gxxp) fit the available photoproduction data equally well - Figure 1. The A
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Figure 1: The photoproduction cross section calculated with different models.

polarization data are more selective in this respect. Here predictions of various
models differ significantly; nevertheless, only the models based on the Born diagrams
alone can be rejected.[9)

In this proposal, we concentrate on exclusive kaon production. The present
proposal is based on two previosuly submitted proposals [PR-93-014 and PR-93-047].
One of them focussed mainly on the Deep Inelastic Region, requiring 6 GeV incident
beam energy, and was treated as a LOI by the PAC. The other was specifically
intended to be carried out with a new spectrometer[14] which was not funded; that
spectrometer was intended to go out-of-pinae, allowing a complete separation of the
four unpolarized response functions. ‘

Philosophically, with the construction of a high energy, high quality, high duty
factor, and high intensity electron beam facility at CEBAF, it becomes possible and
pertinent to investigate the properties of quarks inside a nucleon in an exclusive
(e,e’q) experiment similar to the (e,e’p) or the (p,2p) studies for nucleons inside a
nucleus.!!0 Such an exclusive measurement samples (i.e., isolates) a specific channel
of the deep inelastic inclusive cross section. However, before the struck quark reaches
the detector, it turns itself into color singlet hadrons. Study of the properties of the



hadron system produced following the deep inelastic scattering may give information
on the mechanisms by which the nucleon’s partons rearrange themselves into the
observable hadrons after the primary scattering. These mechanisms must be related
to the forces that bind partons into the original nucleon, and may shed insight as
to why no parton has yet been observed as a separate entity.

Due to the lack of data, attempts to investigate the problem of electromagretic
production of strangeness on a subnucleon (quark) level are only beginning. Only re-
cently has the photo- and electroproduction reaction been calculated in terms of the
hard scattering model of Brodsky and Lepage[11}], and of the diquark mechanism[12].

The electroproduction of kaons at CEBAF energies may also give insight about
the transition to quark degrees of freedom: In a naive quark-parton model, and
assuming the string fragmentation model, the production of a K* can be considered
to occur in two steps. First, a u quark is struck. As the u quark moves away from
the target remnants, the color string between the u quark and the remnants breaks,
producing an s5 quark pair. If there is additional energy stored in the color strings,
more g pairs will result producing more hadrons. Because of the “low” energy
in the CEBAF beam and the “high” masses of the kaon and the hyperon which
are produced, the particle multiplicity will usually be low (as opposed to, say pion
electroproduction). For those events with only two particles in the final state (a
kaon and a hyperon such as the K* and A for example), the transverse momentum
of the produced kaon with respect to the 3-momentum transfer should be equal to
the transverse momentum of the struck quark, or the primordial k7. In this sense
the dynamics of the struck quark are “preserved.” As the incident electron energy
increases beyond the range available at CEBAF, the particle multiplicity will also
increase, meaning the K+ and A would only be part of the jet fragments.

1.2 Experiment Goals

The proposed experiment can be divided in three parts:

1) The separation of the longitudinal and transverse response functions through
the detection of high momentum kaons along the direction of the virtual photon.
For every @? kinematic, three central settings in ¢ (and W) will be measured. [The
data can be more finely binned in ¢ within the acceptance of the spectrometers.]
The main goal of this part is the determination of the electromagnetic form factor
of the kaon up to Q% = 3.0 (GeV/c)? from the the ¢-dependence of the longitudinal
term.

i) The separation of the longitudinal-transverse interference term which, in a
quark model description, gives information on the magnitude of the transverse mo-
mentum of quarks. _

iii) The t-dependence of the full cross section up to large values of |t| where
the transition from a semiphenomenological description in terms of mesons and
baryons to a regime in which the theoretical approach based on quarks or diquarks
description of the elementary process is applicable.



The experiment will provide a considerable set of data over a large kinematical
region in W, %, and ¢, placing severe constraints on the models used to reproduce
the data. In particular, important parameters such as the g, coupling constant
used in semiphenomenological models based upon hadron dynamic (QHD) formal-
ism, can be much better established. Additionally the transition region to a more
fundamental description of the reaction in terms of quarks can be identified, as well
as determining which among the various proposed “pure quark” or “diquark” models
has better reproducibility.

1.3 The Hall A Spectrometers

The accuracy of the HRS2 spectrometers in Hall A is ideal for these measurements
since systematic uncertainties are magnified in the extraction of the response func-
tions. More specifically, good angular resolution is required to accurately extract
small amplitudes; the angular resolution and momentum resolution both enable the
accurate kinematics binning event-by-event. The spectrometer acceptances should
be flat to allow good binning of the data as a function of ¢.

The long flight path of the HRS2 means that the kaon survival fraction ranges
between 10-35% for our kinematics, but the same flight path is responsible for the
success of the time-of-flight particle identification. The missing mass resolution
of the HRS2 will also cleanly separate A, £° and A(1405) final states from the
continuum or higher resonances. [The A(1405) resonance has not been produced in
photo-production reactions; the electroproduction data{13] are poor.]

The experiment can only be carried out in Hall A. Hall B, while tempting because
it would enable one to take a large volume of phase space in one bite, does not have
the particle identification capability at high momenta required by this experiment
(in the CLAS identifying kaons with momenta >2.0 GeV/c is challenging). This
experiment, while mapping out a large area of phase space not previously measured,
also concentrates on high momentum, high invariant mass, and minimum [¢] (i.e.,
the kaon-virtual photon angle=0), thereby focussing the kinematics on (relatively)
forward scattering angles. This means that the large solid angle afforded by the
CLAS does not buy much. Because of the high kaon and electron momenta, the
SOS in Hall C is not suitable for this experiment.

The remainder of the proposal is split as follows: Section 2 defines the kinematic
variables, discusses the hadronic and quark models for the cross section, estimates
the behavior of the cross section as a function of @2, W, and ¢, and provides physics
details on the experiment goals. Section 3 lists the kinematics, rate estimates, cross
sections and run times. Section 4 describes the particle identification and error
analysis, and Section 5 summarizes the beamtime request and gives the experimental
runplan.



2 Observables, Physics Models and Experiment
Goals

2.1 Kinematical Variables and the Cross Section

The definitions of the kinematical variables are given for the reaction e -{— N =
e’ + K + X. The five 4-momenta involved are:

=(FE , €) for the incident electron
= (£, e") for the scattered electron
= (M, 0) for the target nucleon
= (Ex, k) for the produced kaon
= (Ex,Z) for the unobserved residual system.

MR 2 e g

- A few Lorentz invariants and other kinematic variables are defined below as:

73 — (6 _ er)z —_ __Q2
v =E-F
e =1+ 2"2{# tan? &]-1
s =(w+N?P=W?
t =(y—-K)
zg = Q*2Mv
y =v/E
zZ = EK/U

M} ={e-¢€+N—-K)?
The differential cross section can be expressed as:

s _T. do,
dE'dQ.dQr dQl,

I is the virtual photon flux, given by:

o E:S—Mz 1
272 E 2MQ?* 1 —¢

I'=

The cross section for single kaon production by virtual photons is given by

doy, dor daL da‘TT dorr
AT +e 0. +e 0, os (2¢) + v/2¢(e + 1) - 0 - cos ¢

where ¢ is the angle between the kaon production plane and the electron scattering
plane, and ¢ is the virtual photon polarization parameter. The pieces correspond
to the cross section for unpolarized transverse (o), longitudinally polarized (o),
polarized transverse interference {¢77), and polarized longitudinal-transverse inter-
ference (orr) kaon production by virtual photons and only depend on the variables
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@2, s, and ¢. In order to separate all four pieces of the cross section (o7, o1, o,
and or7), a spectrometer with out-of-plane detection capability is needed to deter-
mine the ¢ dependence of the cross section. For the special case in which the kaon
is detected along the direction of the virtual photon, the interference terms vanish
and o, and o7 can be separated using a minimum of two measurements at different
values of the virtual photon polarization e.

2.2 Description and Analysis of the Models

In order to have clear information on the electroproduction process, a comprehensive
data set of cross sections and the extracted response functions are needed over
a large range of W, @Q? and ¢t. The kinematic region of this experiment covers
a transition between “traditional” nuclear physics and the deep inelastic region.
There are several competing pictures of the reaction. Two extreme approaches are
used here to provide guidance: semiphenomenological hadrodynamical scattering
and quark hadronization. Seeing whether the data can be reconciled with any of
the models is one goal of the experiment. Although obtaining data at very small
zg would provide the most information on the quark momentum distribution, the
SLAC data[15] show that quark degrees of freedom evidence themselves at values of
@Q? as low as 1 (GeV/c)2

Figures 2 through 4 show the Q2, W2, and t dependence of the reduced cross
section (:—gf +¢- g-gi-), using a relativistic hadron pole model.[16, 17, 7] The fall-off
shown in the cross section with increasing Q* can be explained by the behavior of the
form factor. Note the W? behavior is fairly flat essentially indicating independence
of W, while the cross section increases with higher |¢t|. The model is based on an
effective field chiral Lagrangian evaluated at the tree level.

- The hadronic field theories {e.g., the quantum hadrodynamics QHD) do not
explicitly contain the quark degrees of freedom, but they provide a suitable effective
scheme for description of dynamics in a low and intermediate energy range. The
QHD is properly relativistic and simply related to the covariant S-matrix formalism.
The semiphenomenological parameters of the theory (such as the strong coupling
costants and transition magnetic moments) are fitted to the available data, making
use of the transition amplitudes based on the tree level Feynmann diagrams (figure
5). In the intermediate state the particles which can be present are: in the s-channel
a proton (Born term) or other strangeless nucleon resonances (figure 5a); in the u-
channel the hyperons A or ¥ (Born) or other spin 1/2 hyperons (figure 5b); in the
t-channel the K+ (Born) or kaon resonances {figure 5¢).

A variety of models were examined which used such a diagrammatic approach;
the differences being mainly different particles in the intermediate state and the val-
ues of coupling constants and transition magnetic moments. The parameters used
for all the models result from fitting to the available photoproduction data (a few also
include electroproduction data). A general code considered more than ten models[9)
varying intermediate particles, coupling constants and transition moments, as well



as different form factors. Beyond reproducing the cross sections provided by the
authors of the models, further analysis compared predictions for the exclusive elec-
troproduction reaction in the channel K-A extending the kinematical region (out
from the region where the model was fit to the data). The results show that the data
is reproduced very well by two of the considered models (referred to as wjc2 and
wjcd coming from the parameters set II from [18] and [7] respectively). While wjcd
is more complete from the theoretical point of view and has a good reproducibility
for different reaction channels (namely p(e,e’K)A, p(e,e’K)Z and p(e,e’K)A(1405),
model wjc2 more accurately reproduces the measured cross section in the exclusive
channel p(e,e’k)A. For example, the existing data up to about @Q? = 4 (GeV/c)?
(collected in [19]) are reproduced by the model wjc2 (only slightly underestimated)
while they are significantly underestimated at high Q2 by wjc4. In addition, the K-A
data reported in [7] (where the wjc4 model is presented) are well described by wjc2
as well and, moreover, the t-dependence of the cross section is in better agreement
with the data which suggest a decrease in the cross section with increasing Jt|, as
suggested by photoproduction data (and almost all the models considered). Finally,
orr and orr dataf4] are better reproduced by wjc2 than wjcd. The latter predicts
rather large contributions of the interference terms not suggested by the data. Nev-
ertheless, when compared to the poor accuracy of existing electroproduction data,
both models can be considered consistent with the existing data even if for high Q*
wjc2 appears preferable.

Some of the models we have considered also include crossing (as do both wjc2 and
wjcd) and duality (also included in wjc4). The crossing constraint relates reactions
with particles in the initial or final state with reactions with antiparticles in the final
or initial state {and vice versa) thus making crossing a symmetry of the S matrix.
The duality constraint, based on the dual role of resonances in the s (u) and t
channel, is used to restrict the number of resonances considered in the intermediate
states, resulting in a model which includes only the s and u-channel resonances along
with the usual Born terms (including the Kt exchange in the t-channel required by
gauge invariance).

The second approach describes the process in terms of quarks fragmenting into
hadrons. The feasibility of studying the jet fragmentation processes at CEBAF was
simulated using the Lund Monte Carlo code LEPTO.[20] The Lund string model is
one of the phenomenological tools that is routinely used by high-energy physicists to
describe the hadronization of quark and gluon jets. The applicability of this model
at the beginning of the scaling region has been studied by Dietrich and Johnson,{21]
and found to be useful.

Basically, the hadronization process as described by the Lund Monte Carlo code
LEPTO consists of three distinct phases: (i) formation of an initial quark-parton
system (for lepton scattering, the quark-parton system is a quark-diquark pair)
which depends on quark distribution functions and is a function of Bjorken zp; (i)
fragmentation of the quark-parton system into primary hadrons where the fragmen-
tation function depends only on z; and (iii) decay of the unstable primary hadrons
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into the observed particles. The fragmentation of produced partons into observable
hadrons is performed within the LUND string hadronization model as implemented
in JETSET.[22] The results of these simulations show that the features of jet produc-
tion similar to those observed at high energies are present even at CEBAF energies.

2.3 The Kaon form factor

The separation of as many of the response functions as possible is essential in dif-
ferentiating between hadronic and quark degrees of freedom. In the quark picture,
the interaction with the virtual photons contributes mainly to the transverse cross
section (see the discussion below). On the other hand, an enhancement of the longi-
tudinal cross section at small ¢ (the squared 4-momentum transfer to the unobserved
residual system) could indicate the influence of quasifree scattering from the kaon,
as has been seen in pion electroproduction. As in the case of the pion, the Q2
dependence of o7, can then be used to determine the kaon form factor.[23, 24]

The knowledge of the electromagnetic structure of any complex particle, made
of charged substructures, always has been essential in the comprehension of its
structure in terms of behaviour of the more fundamental components. The electro-
magnetic form factor can be theoretically deduced from models describing the way
elementary components aggregate to form complex structures. It depends only on
the square of the four-momentum transfer to the particle by the electromagnetic
probe. Electron-positron colliding beam experiments measure the form factor in the
time-like region, generally via the production of a particle-antiparticle pair. The
measurement of the form factor in the space-like region is straightforward for nucle-
ons or nuclei as they can be used as free targets; only in these cases are the cross
sections directly proportional to the absolute square of the form factor.

Particles (mesons and baryons) that can be produced in sufficient quantity to be
used as secondary beams in large hadron accelerators can be scattered from atomic
electrons to measure the form factor, but due to the small electron mass only low val-
ues of momentum transfer can be obtained. At large space-like momentum transfers,
the only reaction that can give information on form factors is the electroproduction
process. The extraction of the kaon form factor from the data requires effort both on
the experimental and theoretical side, as in the case of the pion form factor[19, 25].

The existing measurements in the space-like region come from K-e scattering
[19, 26] and are limited to a maximum Q® of 0.1 (GeV/c)?. Figure 6 shows these
data, along with a recent theoretical calculation[27]. The possibility of determin-
ing the kaon form factor through the electroproduction reaction relies on: i) the
¢ diagram of Figure 5, in which the meson exchanged is the kaon (kaon pole dia-
gram), dominating all the other diagrams near the unphysical value ¢ = M? and
ii) this behaviour being strong enough at physical values of ¢ to allow a smooth
extrapolation from experimental points to ¢ = M}. Theoretical guidance is neces-
sary in the extrapolation to exploit model-independent constraints and analytical
properties of the amplitudes. Experimentally, precise measurements are required in
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kinematical conditions favourable for the extrapolation (reaching as low as possible
in |t| approaching the unphysical region). For a givéen Q% and a given W there is a
minimum value for the variable ¢ in the physical region (tmin) that corresponds to
the kinematical condition in which the kaon is emitted in the same direction as the
3-momentum transfer. In Figure 7 the dependence of t..;» on W for different values
of )7 is shown. We want to measure the longitudinal and transverse response func-
tions with a Rosenbluth separation at four values of @2 1.5, 2, 2.5 and 3 (GeV/c)?
and a range of values of t for every Q? measurement. In these measurements W
varies between 1.8 and 2.2 GeV.

The models assume a form for the dependence on the invariant mass W. This
experiment will determine the dependence of the separated response functions on
W, providing the theoretical models with an additional constraint. Extracting the
kaon form factor from the longitudinal response function is model dependent; ex-
trapolation of the longitudinal response function in ¢ is somewhat less so. If the
data can be described by the model then it gives some confidence that the coupling
constants are correctly known. The success (or failure) of the miodel to describe the
data can be attributed in large degree to the knowledge of these coupling constants.

The kaon form factor is proportional to the square root of the longitudinal re-
sponse function extrapolated to the kaon pole[25]:

Af2N2
FU@) = FH@ sy = S g

where

1+ecos2p (qEx — vkcosb,)®
+e 0

According to some nuclear interaction models, the kaon form factor has been shown

to dominate the longitudinal response function at the kaon pole.[7] Assuming the

kaon pole does dominate the cross section for small |t[, then the kaon form factor

can in principle be determined (if the coupling constants are also known).

Figure 8 shows the kaon form factor Q?Fx(Q?), as a function of Q2,[27] along
with the four points indicating the region to be explored in the present experiment.
Also shown are other simpler Vector Mesons Dominance Model predictions which
consider, the ¢- and p-mesons and predictions from the only available model based
on a more fundamental microscopic approach[27]. Due to the model dependence and
the extrapolation to the kaon pole, a prior analysis of the theoretical uncertainties in
the kaon form factor is difficult. To illustrate, the extracted ratio (¢t — M% )20 /N(t)
for two models has been extrapolated in t at Q% = 1.5 (GeV/c)? and < W >=2 GeV.
Figure 9 shows the t-dependence (along with the projected uncertainties) according
to model wjc2, along with the kaon form factor extrapolated to the pole (t = Mg-).
As can be seen the longitudinal term is fairly flat and below the “correct” value of
the squared form factor; i.e., the kaon-pole diagram does not dominate at small |t|
approaching the unphysical region.

N(t) = (—t)8cgk py [k? sin® b,

]
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The situation is better if the analysis is done in the wjcd model. In this case, as
can be seen in figure 10, the kaon pole diagram dominates approaching the positive-t
region. A simple extrapolation obtains a reasonable value of the kaon form factor
with a reasonable uncertainty (being half that of the SQUARED extrapolated form
factor). Figure 11 shows the same analysis for kinematics at Q% = 2.5 (GeV/c)2.
The two extrapolations are differentiated only by modelling the data in the physical
region; further these are not extreme cases, meaning that we also have analysed
models more and less difficult to extrapolate.

2.4 Transverse Momentum of the Quark

Measurement of orr will shed light on the processes which contribute to the interfer-
ence cross section, as well as give information on the magnitude of the “apparent”
transverse momentum of quarks which could result from effects such as the pri-
mordial transverse momentum, the initial and/or final state soft gluon radiations,
and the initial and/or final parton showers. < cos¢ > is measured by subtracting
measurements made left of the direction of the virtual photon (¢ = 180) from mea-
surements made right of the virtual photon (¢ = 0), at the same Q?, W, and ¢.
< cos ¢ > is defined as:

doy($=0) _ dos(¢=180)

_ dor ge dog
< cos g >= do, ($=0) + doe ($=130)
dog dog

If an electron scatters relativistically oft a pointlike target, because of the helicity
conservation, either (i) o7 = 0 and o # 0 if the pointlike target has spin 0,
meaning B = Z& — oo, or (ii) o7 # 0 and oz = 0 if the pointlike target has
spin 1/2, or R = £& — 0. A small experimental value of R in the DIS region
suggests that the longitudinal cross section is nonzero. Two possible sources for the
longitudinal amplitudes are: (i) the initial (primordial) transverse momentum of the
struck quark, and (ii) the higher-twist correction to the quark-parton model. The
former is a pure kinematic effect and was predicted to give a negative contribution
to the longitudinal-transverse (LT) interference asymmetry as:{28]

(2kr/Q)-(2—y) - (1 —y)1/?
1+ (1—-9) -

The latter is a dynamic effect and was first predicted to give a positive contribution
to the LT interference cross section as:{29]

< cos¢ >~ (kr/Q)- (1 - y)'/?

More recently, realistic quark wavefunctions have been included which give the
prediction of the behavior going as:[30]

L Cosp >~ —

(2-y)v1—yH;

zgy?Hy + (1 — y) Ha

< cosd >~ 1/2(kr/Q) -
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Plotted in Figure 12 is the longitudinal-to-transverse interference asymmetry,
< cos ¢ > plotted as a function of z, the fraction of the energy transfer which ended
up in the kaon.[30] Although the model uses more realistic quark wave functions, no
intrinsic transverse momentum for the meson constituents is introduced. By prescal-
ing pion data as well, the importance of the meson intrinsic transverse momentum
can be estimated.

Figure 13 shows a LEPTO simulation of the yield versus 8y, the angle (in the
lab frame) between the kaon momentum and the momentum transfer. Note that
these measurements will be centered at about 7 degrees, where about 15% of the
total yield will be captured. Figure 14 shows the ¢ azimuthal distribution from
LEPTO, which predicts a cos ¢ dependence to the cross section, consistent with the
interference terms, oz and opr, being small but nonzero. Cuts have been placed
on the spectrum corresponding to the electron arm acceptances and the kaon arm
angular acceptances.

2.5 Tests of pQCD, large [¢| kinematics

The study of exclusive reactions at large |t| provides a way to shed light on the
interaction mechanism which occurs at short distances in hadronic matter, selecting
a hard scattering regime of the reaction (in comparison with a diffractive mecha-
nism that occurs at small [t| values). Recently theoretical predictions of exclusive
photo- and electro-production reactions based on perturbative QCD[11] or on a
QCD semiphenomenological diquark model have become available[12)].

The kinematical region in which computations based on the diquark approach
are applicable is within CEBAF capabilities (W>2 GeV) and this experiment will
measure the angular distribution to values of {¢{| <1.5 (GeV/c)?, covering the tran-
sition between small and large || where different descriptions of the reaction should
be applicable. Separating the response functions (at small |¢|) and measuring the
full cross section at large values of |¢| will provide more observables to compare with
the theory and to give guidance if a discrepancy is found.

Figure 15 shows the available data near CEBAF energies (4 and 6 GeV photon
energies) on the A and Z° photoproduction reaction together with the predictions
of the pQCD model. Plotted is the cross section scaled by s7 versus the cosf,x,
the cosine of the opening angle between the kaon and the virtual photon which is
proportional to t. The calculation is a leading twist calculation, using the Born
approximation. The scattering is sensitive to the quark wavefunctions and assumes
the scattering is from the valence quarks. The model calculates the hard scattering
in the s-channel with real photons. As can be seen, the data do not agree with the
calculation. At the forward channels, the ¢-channel can contribute (and at backward
angles from the u-channel can contribute).

14



doyg/dt + sdo /At (ub/GeV*)

deg/dt + eda /AL (ub/GeVY

Figure 2: The Q? dependence of the a) p(e,e’K*)A and b) p(e, e’ K+)Z° cross sec-
tions. The curves are for t = —0.75 GeV?, and € = 0.70. The solid curve is W2 = 4,
the dashed curve is W2 = 4.5, and the dotdash is W? = 5GeV?.
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Figure 4: The ¢ dependence of the a) p(e,e’K*)A p(e, e/ K*)I° cross section. The
curves are for Q% = 1.5 (GeV/c)?, and € = 0.70. The solid curve is W? = 4, the

dashed curve is W? = 4.5, and the dotdash is W? = 5GeV2.
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Figure 5: Tree level Feynman diagrams in kaon electroproduction. B stands for
proton or nucleon resonance, S stands for a baryon with strangeness S=-1, and M
for mesons.
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Figure 12: The asymmetry < cos$ > vs. z for Q@ = 2.5 GeV, pr = 0.5 and kr =0
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3 Kinematics, Count Rates and Runtimes

3.1 Kinématics

The kinematics for the longitudinal-transverse (L/T) separation are given in Table
1. The L/T separations require measuring the cross section at different values of ¢,
the virtual photon’s polarization, while centered around #,, the angle of the virtual
photon (8; = 6,). By performing the separations as a function of W, the invariant
mass, and ¢, the hadronic momentum transfer, additional constraints will be put on
the models which predict the kaon form factor. [The kaon form factor, extraplated
in t, should have only a @? dependence, not a W or ¢ dependence.] The range in
€, the polarization of the virtual photon, is not always as large as might be desired,
the highest value limited by the 6 GeV beam and the lowest value limited by the
the minimum spectrometer angle (12.5 degrees). Energies of 3.6, 4.8 and 6.0 GeV
were chosen as multiples of the 5-pass maximum energy. 4.0 GeV is a standard 5-
pass energy, making only 5.2 GeV a non-standard energy (this point is nevertheless
feasible at 4.8 GeV).

The longitudinal-transverse interference response function orr will be extracted
using the kinematics given in Table 2. The electron angle and momentum will
be kept constant (fixing @% and W) while the kaon is detected left and right of
the virtual photon. By moving left and right symmetrically about the direction
of the virtual photon, ¢ was kept constant for this measurement. Subtracting the
left and right measurements will separate oy from the combination (o7 + eog -+
eorr). Counting times were minimized by performing the measurements at the same
electron settings as the forward angle point of the L/T separation.

The t-dependence for the unseparated cross section will be mapped out from
—3.0 € ¢t € —0.3 by changing the kaon angle and momenta, at a constant electron
angle and momentum. Table 3 gives the kinematics for the {-dependence measure-
ments. Again, counting times were minimized by performing the measurements with
the electron arm at the forward angle point for the L/T separation (as it was for
both the L/T separation and the cyr-interference measurement) and moving the
kaon arm to larger angles, changing the angle between the kaon and the virtual pho-
ton. However it is no longer possible to measure both left and right of the direction
of the virtual photon (as done for < cos¢ >} because the measurement would re-
quire a smaller spectrometer angle than the minimum available to access the “left”
kinematics.

The models predict that the transverse part of the cross section dominates at
large [t}, meaning that effectively o7 is being measured.- The L/T separations (plot-
ted as a function of &) will test this hypothesis. The full cross section (as opposed to
the individual response functions) will be measured in the hard scattering region.
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Table 1: L/T Separation Kinematics

Kinem. Q? ETET e 6y € Px W t
(GeV/c)? | GeV | GeV | deg | deg GeV/c | GeV | GeV?
1.5a 1.5 3.6 [ 1.54 [30.12]1887 | 0.644 | 1.46 | 1.8 | -0.61
1.5b 1.5 6.0 | 3.94 | 14.47 | 24.306 | 0.800 | 1.46 | 1.8 | -0.61
1.5¢ 1.5 36 [1.14 3522 1381|0496 | 1.99 | 2.0 | -0.41
1.5d 1.5 6.0 | 3.57 | 15.28 | 19.82 | 0.847 | 1.99 | 2.0 | -0.42
1.5¢ 1.5 4.8 [1.89 [ 23.46 | 13.79 | 0.636 | 2.51 | 2.2 | -0.29
1.5f 1.5 6.0 | 3.09 | 16.35 | 16.00 { 0.785 | 2.51 | 2.2 | -0.29 |
2a 2.0 36 [1.28[3852[17.00]0526| 1.63 | 1.8 | -0.81 |
2b 2.0 6.0 | 3.68 |17.32 2373|0854 | 163 | 1.8 | -0.81
2¢ 2.0 3.6 |[0.87 [47.05] 1250 [0.358 | 2.19 | 2.0 | -0.55
24 2.0 6.0 | 3.27 [ 18.37119.60 | 0.802 | 2.19 | 2.0 | -0.55
% 2.0 48 [ 1.62 2934132310547 2.72 | 2.2 | -0.40
of 2.0 6.0 [ 2.82119.78|15.96 | 0.731 | 272 | 2.2 | -0.40
9.5a 2.5 36 [1.01 [4898 14550396 | 1.79 | 1.8 | -1.01
2.5b 2.5 6.0 | 3.41 {20.13]22.76{0.812{ 1.79 | 1.8 [ -1.01
2.5¢ 2.5 4.0 | 1.01 | 46.44 | 1250 [ 0.372 | 2.38 | 2.0 | -0.70
2.5d 2.5 6.0 | 3.01 [21.46 | 18.95 | 0.752 | 2.38 | 2.0 | -0.70
2.5¢ 2.5 4.8 |1.36 [ 36.08]12.50 [ 0.451 | 2.93 | 2.2 | -0.51
2.5f 2.5 6.0 | 2.56 | 23.29 | 1548 | 0.672 | 2.93 | 2.2 | -0.51 |
3a 3.0 3.6 [0.74 [ 63.90 [ 12.50 [ 0.257 | 1.95 | 1.8 | -1.22
3b 3.0 6.0 | 3.14 [ 23.00|21.58 | 0.765 | 1.95 | 1.8 | -1.22
3c 3.0 48 | 1.54 [ 37.16 | 14.58 | 0.493 | 2.57 | 2.0 | -0.85
3d 3.0 6.0 |3.74 | 24.67 | 18.04 | 0.697 | 2.57 | 2.0 | -0.85
e 3.0 5.2 | 1.49 [ 36.24 | 12.50 | 0.455 | 3.14 | 2.2 | -0.62
3f 3.0 6.0 | 2.29 [ 27.01 | 14.73 | 0.608 | 3.14 | 2.2 | -0.62
3.2 Cross Section Estimates and Rates

Table 4 shows the singles and coincidence rates for the L/T separation. The electron

single arm rates were computed using the Monte Carlo code XSECDEEP(31] based
on the SLAC deep inelastic scattering data, and averaging over the spectrometer
angular and momentum acceptances. The pion rates were determined by using
PIXSEC,[32] which averaged the single arm pion cross section over the spectrometer
acceptances. The code computes the point cross section based on a fit to deep
inelastic (e,7~) data taken at SLAC. The (e,x*) rates were assumed to be the same
as the {e,7”) rates computed for the same kinematics (this is an overestimate by
up to a factor of 2 of the (e,x*) rates, making it a conservative estimate). Times
were calculated for 10* counts for all kinematics (except for the backward angle at

Q*=2.5, 3.0 and W=1.8 GeV, which were calculated for 2.5 x 10° counts).
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Table 2: o7y Separation Kinematics

Kinem. Q? E E' 0. 0y € Px w t

. (GeV/c): | GeV | GeV | deg | deg GeV/c | GeV | GeV?
1.5¢ 1.5 6.0 | 3.54 | 15.28 | 27.14 | 0.847 | 1.91 2.0 | -0.55
1.5h 1.5 6.0 | 3.54 | 15.28 | 12.50 | 0.847 | 1.91 2.0 | -0.55
2g 2.0 6.0 | 3.27 { 18.37 | 26.70 | 0.802 | 2.09 2.0 | -0.73
2h 2.0 6.0 | 3.27 | 18.37 1 12.50 ) 0.802 | 2.09 2.0 | -0.73
2.5g 2.5 6.0 | 3.01 | 21.46 { 25.40 | 0.752 | 2.27 2.0 | -0.89
2.5h 2.5 6.0 | 3.01 | 21.46 | 12.50 [ 0.752 | 2.27 2.0 | -0.89
3g 3.0 6.0 | 2.74 | 24.67 | 23.58 | 0.697 | 2.47 2.0 [ -1.03
3h 3.0 6.0 | 2.74 | 24.67 | 12.50 | 0.697 | 2.47 20 | -1.03

Table 3: t-dependence Kinematics

Kinem. @Q* E E 8. 8 € Py 7% t
(GeV/c)? | GeV | GeV | deg | deg GeV/c | GeV | GeV?

1.51 1.5 6.0 | 3.54 [ 15.28 | 35.67 | 0.847 | 1.66 2.0 | -1.00
L5 15 | 6.0 |3.54 | 15.28 | 4164 [ 0847 | 1.44 | 2.0 | -1.40
2% 2.0 6.0 | 3.27 [ 18.37 [ 36.38 [0.802 [ 1.72 | 2.0 | -1.40
2j 2.0 6.0 13.27|18.37 | 43.54 | 0.802 | 1.38 2.0 | -2.00
2.51 2.5 } 6.0 {3.01|21.46|31.94|0.752 | 2.27 2.0 | -1.40
_ 2.5j 2.5 6.0 §3.01 | 21.46 | 39.98 | 0.752 | 1.99 2.0 | -2.20
3 3.0 6.0 | 2.74 | 24.67 | 28.03 [ 0.697 | 2.27 2.0 | -1.40
3] 3.0 6.0 | 2.74 | 24.67 | 35.11  0.697 | 1.83 2.0 | -2.20
3k 3.0 6.0 | 2.74 | 24.67 | 41.99 ; 0.697 | 1.38 2.0 { -3.00

The coincidence cross sections and rates were determined using the model wjc2{7]
for A production whose analysis has been reported in chapter 2.2. For L/T sepa-
ration kinematics, where ¢ is a minimum, model wjc4 gives cross sections lower by
2-3 but, as already discussed, is less accurate in reproducing the (few) existing data
at high Q? than wjc2. [In the case of the t-dependence kinematics, as considered
before, the disagreement between the models relies on the opposite slope they have.)
Additionally both the £° and the A(1405) will fall within our missing mass accep-
tances. The statistics will be somewhat worse due to smaller cross sections. Yields
for a subset of the kinematics were also checked with the Monte Carlo code LEPTO
which explicitly performs the averaging over the acceptances of both the hadron and
electron arms; the two approaches gave roughly comparable rates.

Tables 5 and 6 show the rates and times for the oy7 and {-dependence mea-
surements (respectively). Count rates and cross sections were computed the same
way as in Table 4. Shown is the total time for each setting, taking into account
the kaon survival fraction for each momentum setting of the kaon spectrometer, for
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Table 4: L/T Rates and counting times

Kinem. (e,e’K) (e,eK)| (e (e,x™) (e,7*) | (e,K) | S/N | time
nb/GeV /sr? -1 s! 571 st st hours
1.5a 0.77 021 [52x10°[39x10°[28x10%]| 310 | 65 13
1.5b 4.04 2.88 [169x10%[48x10%|1.8%x10%| 200 | 104 | 1
1.5¢ 0.46 0.17 |23x10°|79x10°{34x10*| 680 | 54 17
1.5d 3.19 3.66 |[4.7x10%]|1.6x10%|1.3x10%| 260 | 149 1
1.5e 0.99 0.84 |[8.0x10°[55x10°|1.8x10%} 510 | 103 4
1.5f 2.33 324 [3.6x10%|27x10°|1.2x10* | 340 | 159 1
2a 0.33 T 0.10 |14x10°[34x10°]29x10%] 410 | 87 | 30
2b 2.00 1.66 |24x10%|29x10%|1.3x10*| 180 | 192 2
2¢ 0.18 006 ]59x10%[1.6%x10°[3.4x10%| 790 | 64 48
2d 1.58 1.93 | 1.7x10%[6.3x10% |86 x10%| 270 | 210 2
2e 0.45 0.36 [2.7x10%{3.8%x10°|1.3x10*| 400 | 166 8
of 1.16 162 |1.1x10%)1.4x10%|7.9x10%| 240 | 306 2
2.5a 0.13 0.04 [40x10%2]1.4x10°]3.8x10%| 640 | 78 [ 20*
2.5b 0.93 0.85 [9.5%x10%|1.5%x10%|1.0x10%| 170 | 263 4
2.5¢ 0.15 0.06 [4.3x10°][22x10°[2.7x10*]| 710 | 98 44
2.5d 0.86 1.09 | 7.0x10%|3.2x10%|6.5x10%] 170 | 457 3
2.5e 0.22 0.16 {9.4x10°[38x10°|1.0x104{ 340 | 250 | 18
2.5f 0.63 0.87 |4.6x10%|7.4x10%|56x10%| 190 | 497 4
3a 0.04 001 JL1x102[39x10° [48x 10| 940 | 48 | 75"
3b 0.34 0.33 [39x10°|7.8x10*|9.1 x10%| 180 | 235 9
3c 0.19 0.13 169x10%2]1.2x10°[1.2x10%| 340 | 277 | 21
3d 0.50 0.85 |43 x10%|1.2x10°|54x10%| 150 | 659 4
3e 0.18 0.46 [7.0x10%][1.9x10%|6.8x10°| 250 [ 131 6
3f 0.36 0.48 |2.0x10%|51x10% |44 x10%| 160 | 750 6

Times are for 104 counts except * which are 2.5 x 103 counts.

31




Table 5: ot rates and counting times

Kinem. (e,e’K) (e, K) | (e,e) (e,77) (e,xt) | (e,K) | S/N | time
nb/GeV/sr? | s7! 51 5™ 571 571 hours
1l.5g 3.00 319 |47x10"|1.6x10° |24 x10%| 45 756 1
1.5h 2.65 2.82 |[4.7x10%| 1.6 x10% | 7.2 x 10* | 1350 22 1
2 1.49 169 |[1.7x10%|6.3x10%|1.4x10°| 31 1600 2
2h 1.28 1.46 | 1.7 x10%* | 6.3 x 102 | 6.0 x 10* | 1310 32 2
2.5g 0.82 0.97 |7.0% 10° [32x 102 [1.0x 103 25 2700 3
2.5h 0.70 0.82 [7.0x10%|3.2x10%|4.8x10%[ 1180 49 4
3g 0.48 059 |43 x107]1.2x10°]9.3x10%| 26 | 26000 5
3h 0.42 0.51 |4.3x10%|1.2x10°|3.5x10*} 963 | 615 6
Table 6: t-dependence rates and counting times
Kinem. (e,e'K) (e.e'K){ (es) (eyx7) (e,#™) | (e,K) | S/N | time
nb/GeV/st? | st 57! s71 8" s7? hours
1.51 2.27 '1.88 [4.7x10%| 1.6 x 10° | 9.1 x 10? 14 1400 2
__1.5j 1.66 1.02 ]4.7%x10*| 1.6 x10% | 8.9 x 10° 10 1000 3
2 1.03 085 |1.7x10°[63%x10°[5.4x10°] 9 [ 2700 | 4
___2j 0.65 0.34 {1.7x10%(6.3x10%|8.7 x10? 9 1100 9
2.5 0.66 0.64 [7.0x10°]32x10°[78x 101 2 [22000] 5
2.5j 0.40 0.25 |7.0x10%{3.2x10%|2.6x10! 1 17000 | 12
R 0.43 046 [4.3x10%]1.2x10° 3.7 x 10? 9 60000 6
3j 0.29 0.22 |4.3x10%]1.2x10°(4.0 x 10? T 28000 13
3k 0.17 007 [43x102]1.2x10°[1.2x10%| 12 | 9000 { 38

both the singles rates and the coincidence rates. [The kaon momentum ranges from
1.4 GeV/c to 3.1 GeV/c, corresponding to 10-36% survival fractions for the HRS
flight path.] Count rates assume an incident beam current of 100 zA, on a 10 cm

LH2 target, and a 7.8 msr solid angle for each HRS2 spectrometer.

The signal-to-noise ratio was computed by computing the kaon single arm (e,K)
rates using the procedure suggested in [33], and using a 2 ns resolving time. The kaon
single arm rates were averaged over the spectrometer angular acceptances and the
survival fraction of the kaons was taken into account at each spectrometer setting.
No cuts on missing mass were assumed in calculating the signal-to-noise.
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4 Detector Performance and Error Analysis

4.1 Particle Identification

Clean particle identification of the kaon is crucial for this experiment. Particle
identification in the hadron arm will be made using the combination of the time-
of-flight technique and the Cerenkov counters (aerogel and gas) operated in the
threshold mode. The time-of-flight technique makes use of the 28 meter flight path
of the HRS to differentiate between kaons, pions and protons up to momenta of 2
GeV/c, as shown in Figure 16. The TOF will be started on the correct beam bucket
(identified by electron TOF) and stopped on a particle in the final scintillator.
Above 2 GeV/c, TOF will only be useful in separating between kaons and protons.
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Figure 16: Relative Time-of-Flight with a 2 ns FWHM timing resolution.
Cerenkov counters in the hadron arm will differentiate between pions, kaons and

protons at all incident momenta listed in this proposal. The Cerenkov counters
will also enable us to reject pions resulting from kaons which decay during the trip
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Table 7: L/T Separation Statistical Uncertainty

Kinem. Q? or |Aer| oo |Acp
(GeV/e)* |nbfsr | % |nb/sr| %
1.5a-b 1.5 105.3 | 9.5 | 62.0 | 23.0
1.5¢-d 1.5 117.8 | 3.6 | 53.2 | 114
1.5e-f 1.5 118.2 1 5.2 { 32.1 | 28.0

2ab | 20 | 796 | 7.2 | 53.0 | 150
2d | 20 |81 {25436 |77
2ef | 20 |808 |36 | 256|174

—————

2.5a-b 2.5 63.2 | 6.4 | 44.2 [ 19.0
2.5¢-d 2.5 70.6 | 2.6 | 35.5 | 11.1
2.5e-f 2.5 67.1 | 2.4 | 149 | 14.3

3a-b 3.0 51.9 | 6.7 { 36.9 [ 18.3
3c-d 3.0 579 | 5.8 { 29.2 | 14.2
Je-f 3.0 46.0 | 2.6 4.8 | 30.0

through the spectrometer. Figure 17 (taken from the CEBAF CDR) shows the
velocity of particles (plotted as 1-8) versus momentum and the indices of refraction
at STP (plotted as n-1). :

The electron arm will have time-of-flight, Cerenkov counters, and shower counters
to distinguish e~ from =~ and K~. The K~ singles rate is much smaller than the
7~ singles rate meaning that the Cerenkov counters and shower counts will suffice.
Operated in the threshold mode, the Cerenkov counter is expected to give pion
rejection rates of upto 10°. The dominant background (knock-on electrons) will be
reduced another 2 orders of magnitude by the lead-glass shower counters giving a
total pion rejection ratio of > 10° - higher than required for this experiment.

4.2 Statistical Uncertainties

The fraction of the (e,e’ K*) final states which have only a single A in them ranges
between 50-60% over our kinematics; the fraction of (e,e’ K*) final states which have
only a single £° in them are approximately 15% of the total number. The remainder
are continuum states with more than 1 particle or higher resonances. The statistics
will allow the meaurement of (for the (e +p — ¢ + K+ + A) channel) the full cross
section with a 1% statistical uncertainty; the statistical uncertainty on the extracted
values of o7 and o7 is given in Table 7. [The (e + p — ¢’ + K+ + £°) channel will
have statistical uncertainties approximately twice as large.| Tables 8 and 9 show the
uncertainties for the < cos ¢ > and t-dependence kinematics, respectively.
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Table 8: < cos ¢ > Asymmetry Statistical Uncertainty

Kinem. Q? A |AA| Aorr

(GeV/c)? % %
T8gh | 15 |0062| 40 7.0
2g-h 20 |0.076| 36| 6.0
95¢h | 25 |o0079|35] 58
3g-h 3.0 0.077 | 3.6 5.5

Table 9: t-dependence Statistical Uncertainty

Kinem. | Q7 i | dou/d | Ado,/d

(GeV/c)? | GeV? | nb/GeV /sr? %

1.51 1.5 -1.00 2.27 1.0
1.5} 1.5 -1.40 1.66 1.0
21 2.0 -1.40 1.03 1.0
23 2.0 200 [~ 0.65 1.0
2.51 2.5 -1.40 0.66 1.0
2.5i 25 |-220] 040 1.0
3i 3.0 -1.40 0.43 1.0
3 30 | -220] 029 1.0
3k 3.0 -3.00 0.17 1.0
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Table 10: Systematic Relative Uncertainties

Scattering Angles 1.0%
Target Density Variations | 0.5%
Cell Walls 0.5%

Kt absorbtion 0.5%
Detector Inefficiencies 2.0%
Kaon Decay 0.5%
Radiative Corrections 0.5%
Beam Current 1.0%
Acceptances 1.0%

Total 2.9%

4.3 Systematic Uncertainties

The systematic uncertainties contribute differently to the three types of mea-
surements. The systematical uncertainties which are most important however are
the relative errors, not the absolute uncertainties since the physics will be extracted
by comparing measured cross sections. The absolute normalization of the data set
requires the absolute uncertainty.

Shown in Table 10 are the contributions to the extracted response functions of
the RELATIVE uncertainties between successive measurements.
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Figure 17: The the velocity of particles (plotted as 1-8 versus momentum and the
indices of refraction at STP, plotted as n-1, of several materials used in Cerenkov

counters.
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5 Runplan and Beamtime Summary

Table 11: Beam Time Summary

Set-up/Check-out 50 hours
DAQ for L/T separations | 343 hours
DAQ for orr 24 hours

DAQ for t-dependence | 92 hours

- Angle Changes 41 hours
Empty Target 10 hours
Total 560 hours

The beam time summary is reported in Table 11. The additional time needed
for overhead is fairly small: angle changes are estimated to total 41 hours, 50 hours
of set-up and check out is required, and short empty target run at each setting gives
another 10 hours. Added with the 459 DAQ hours and an unknown amount of time
for energy changes, the total beam time request of 560 hours as shown in Table 4,
plus the time needed to perform the 3 energy changes. To minimize overhead, it
is assumed that all points at a given incident energy will be measured, moving the
spectrometer accordingly, before changing energies. In particular, the oz response
function and the ¢-dependence will be measured before changing the electron angle
or momentum to minimize the systematic uncertainties.

As can be seen from Tables 4-6, the signal-to-noise is excellent at all kinematics.
The rates in the focal plane of the spectrometers are low, meaning we could run with
higher luminosity if it was available. The cuts on the missing mass spectrum will be
done in replay, not the trigger, enabling one to obtain data on additional exclusive
channels. [No estimates were given for the statistical uncertainties associated with
these additional channels because of the small yields involved.] The signal-to-noise
for particular final state will be larger than for the entire spectrum.

Pion data will be taken in prescale mode. This is important not only to tell
us the shape of the backgrounds, but also because many of the physics arguments
given are general to pseudo-scalar meson production. The use of the pion final
states will provide additional constraints on the theory. The pion coincidence rates
are considerably higher than the kaon rates; the statistical uncertainty will be less
important.
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